ABSTRACT: This study calculated the frequency of occurrence of gap imbalances between medial and lateral compartments at 0˚flexion and within a compartment between 0˚and 90˚flexion, and changes in limb and knee alignment from native after computer simulation of total knee arthroplasty (TKA) with the knee set in 5˚or 7˚valgus at 0˚flexion. TKA was simulated on 49 3D bone models of native limbs. At 0˚flexion, the femoral component was set in 5˚or 7˚valgus from the anatomic axis of the femur, and the tibial component was set 0t o the tibial anatomic axis. At 90˚flexion, internal-external rotation of the femoral component was set perpendicular to the anteroposterior axis of the trochlear groove (Method 1), parallel to the transepicondylar axis (Method 2), 3˚externally rotated to the posterior condylar axis (Method 3), and gap-balanced to the tibial resection at 0˚flexion (Method 4). For 5˚and 7˚valgus knees, the frequency of occurrence of TKAs (1) with !2 mm gap imbalance between compartments at 0˚flexion was !49%, (2) with !2 mm gap imbalance within a compartment between 0˚and 90˚flexion ranged from 43-69% for Methods 1, 2, and 3, and (3) with !2˚change in limb and knee alignment from native was !47%. Achieving balanced gaps between compartments at 0˚flexion may often require soft tissue release. Unbalanced gaps within a compartment between 0˚and 90˚flexion represent a potential instability which is difficult to surgically correct. According to an instructional review of total knee arthroplasty (TKA), neutral mechanical alignment of the limb at 0˚of flexion can be achieved on average with approximately 5˚-7˚of anatomical valgus at the knee.
According to an instructional review of total knee arthroplasty (TKA), neutral mechanical alignment of the limb at 0˚of flexion can be achieved on average with approximately 5˚-7˚of anatomical valgus at the knee. 1 Hence, 5˚and 7˚valgus are commonly used angles for setting the femoral component using an intramedullary alignment rod. [2] [3] [4] [5] [6] Accordingly, a TKA is considered well-aligned when the angle of the femoral component at 0˚of flexion is set in 5˚or 7v algus to the femoral anatomic axis and the angle of the tibial component is set at 0˚to the tibial anatomic axis when viewed on a short-leg radiograph of the knee. [1] [2] [3] [4] [5] There are four commonly used methods for setting the internal and external rotation of the femoral component with the knee in 90˚of flexion. The posterior joint line of the femoral component can be set perpendicular to the anteroposterior axis of the trochlear groove (Whiteside's line), 7 parallel to the transepicondylar axis, 8, 9 3˚externally rotated to the posterior condylar axis, 10 or parallel to the tibial resection with the joint distracted after balancing to create a rectangular extension gap at 0˚of flexion. 11 A TKA with the knee set in 5˚or 7˚valgus at 0˚of flexion and with use of four methods for setting the internal and external rotation of the femoral component at 90˚of flexion can cause gap imbalances and changes in limb and knee alignments from that of the native limb and knee. Gap imbalances between the medial and lateral compartments at 0˚of flexion occur when the resections of the distal femur and proximal tibia form a trapezoidal gap (Fig. 1) . A trapezoidal gap is formed when the total thickness of the bone removed from the distal aspect of the femur and proximal aspect of the tibia in one compartment is different from that in the other compartment after compensating for articular cartilage and bone wear and saw blade kerf. 12 Gap imbalances within a compartment between 0˚and 90˚of flexion occur when the thicknesses of bone resected (after compensating for the wear of cartilage and bone and kerf of the saw blade) from the distal femoral and posterior femoral condyles at 0˚flexion and 90˚flexion respectively, are not equal to the corresponding thicknesses of the distal and posterior regions of each condyle of the femoral component (Fig. 2) . 12 Changes in alignments of the limb and knee from native occur because few native limbs have neutral mechanical alignment (Fig. 3) . [13] [14] [15] Gap imbalances and changes in alignments of the limb and knee are considered undesirable. Balancing gaps often requires releasing soft tissue structures [16] [17] [18] [19] [20] which involves additional surgery, adds complexity, and extends the time of the operation whereas changes in limb and/or knee alignment from native might be perceived by the patient as unnatural. 13, 21 A previous computer simulation study of a mechanically aligned TKA performed on native lower extremities with the limb set to a 0˚mechanical axis showed that clinically important gap imbalances !2 mm and changes in limb and/or knee alignment !2˚occurred in the majority of limbs 12 ; however, no study to the authors' knowledge has performed these analyses for a TKA with the knee set in 5˚or 7˚valgus and four methods for setting internal and external rotation of the femoral component with the knee in 90˚flexion. Accordingly, the purpose of the present study was to calculate the frequency of occurrence and amount of gap imbalance between the medial and lateral compartments at 0˚flexion and within a compartment between 0˚and 90˚flexion and changes in alignments of the limb and knee from native after simulating a TKA with the knee set in 5˚or 7˚valgus on a native lower extremity and using four methods for setting the internal and external rotation of the femoral component in 90˚of flexion.
MATERIALS AND METHODS
After being exempted from institutional review board approval, forty-nine 3D bone models of the native lower limbs were created from computed tomograms with a slice thickness of 1.25 mm. Using the shape matching function in Geomagic (3D Systems, Cary, NC), the morphological difference between Figure 1 . Illustrations show the creation of a gap imbalance between the medial and lateral compartments at 0˚flexion on an example native right lower limb caused by a simulated TKA set in 5˚valgus.
(A) The included angle between the anatomic axis of the femur and the extension of the anatomic axis of the tibia measured knee alignment which was 7.9v algus in the native limb. (B) The resection of the distal femur 5˚valgus to the femoral anatomic axis and the resection of the proximal tibia perpendicular to the tibial anatomic axis created a trapezoidalshaped gap (i.e., gap imbalance between compartments at 0˚of flexion). (C) To set the knee at 5v algus, the tibia was rotated 2.9˚varus to create a rectangular gap which generally would require release of lateral soft tissue structures and changed the knee alignment from native (i.e., from 7.9˚valgus to 5˚valgus). Figure 2 . Illustrations of the anterior, distal, medial, and lateral aspects of an example native right femur and the distal femoral and posterior femoral resection thicknesses used to compute gap imbalance within a compartment between 0˚and 90˚of flexion. Eight millimeters was the minimum thickness of a resection from the distal and posterior femoral condyles, which was equal to the thickness of the corresponding region of the medial and lateral condyles of the femoral component used in the simulation. (A) In this example, cutting the distal femur to set the knee in 5˚valgus created an 8-mm distal medial resection and an 8-mm distal lateral resection. (B) Cutting the posterior aspect of the femur perpendicular to the anteroposterior axis of the trochlear groove (Whiteside's Line) created an 8-mm posterior lateral resection and a 14-mm posterior medial resection. (C) Assuming that any length gained from releasing a tight collateral ligament to make a rectangular gap at 0˚flexion is equal to the length gained at 90˚flexion which is supported by previous studies, 26 the medial compartment had 6 mm of gap imbalance in extension (gap at 0˚< gap at 90˚). 3D bone models created with a 0.625 mm slice thickness and 1.25 mm slice thickness was determined. The root mean squared difference (RMSD) between the models differed by only 0.1 mm which indicates that 1.25 mm was adequate.
These native lower limbs were selected by reviewing computed tomograms stored in a prospective database of patients treated with a primary TKA between August 2013 and September 2014. Each patient had an axial computed tomogram of the hip, knee, ankle, and an anterior-posterior and lateral scanogram of the entire limb of both legs on the day of discharge. For each patient, 3D models of the femoral head, knee, and tibial plafond were created using proprietary software (TechMah Corporation, Knoxville, TN). We included those patients with an unoperated limb that had no evidence of arthritis, fracture, internal fixation, or a joint replacement on the computed tomograms and scanograms, and that after reconstruction into 3D bone models showed a complete femoral head, knee, and distal tibial plafond. The 3D bone models were shape-fit to the 2D projection on the anteriorposterior scanograms to create a full 3D model of the limb with open-source software (ParaView version 3.8.1, 64-bit; Kitware, Clifton Park, NY). In performing the shape-fit of the 3D bone models, note that all of the models were simultaneously shape-fit to the scanogram. This was advantageous in limiting any rotational errors in the coronal plane because such errors manifested as medial-lateral offsets of the femoral head and/or the distal tibial plafond which were easily detected and corrected. For example, a 0.5 mm mediallateral offset which could be detected in the shape-fit process translated into only a 0.05˚angular error which was negligible. The mean age and standard deviation of the subjects was 67 AE 10 years (range, 32-84 years), and sixteen subjects were male and thirty-three were female. We analyzed 21 right limbs and 28 left limbs. The race of the subjects was 85% white, 8% Asian, 2% black, and 2% unknown.
ParaView software was used to perform the simulations of the TKA with the knee set in 5˚or 7˚valgus, starting with projecting the limb in standard sagittal, coronal, and axial planes. 12 The standard sagittal plane was the plane in which the posterior and distal articular surfaces of the femoral condyles were superimposed. The standard coronal plane was the plane which was simultaneously tangent to the most posterior points on the femoral condyles and the greater trochanter. The standard axial plane was mutually perpendicular to the standard sagittal and coronal planes. The flexionextension axis of the tibia on the femur was the cylindrical axis.
14,21 The 0˚flexion reference was formed when the mechanical axes of the tibia and femur (defined in the next paragraph below) projected onto the standard sagittal plane were parallel. The 90˚flexion angle was measured from this reference.
With the knee at 0˚flexion and the limb viewed in the standard coronal plane, a line bisecting the width of the femoral shaft at 10 cm and 15 cm above the femoral joint line constructed the femoral anatomic axis (Fig. 1) . 3 A line bisecting the width of the tibial shaft at 10 cm and 15 cm below the tibial joint line constructed the tibial anatomic axis. 3 A line from the center of the femoral head to the center of the distal femur at the middle of the intercondylar notch constructed the mechanical axis of the femur. A line from the center of the proximal tibia at the midpoint between the two tibial spines to the center of the distal tibial plafond constructed the mechanical axis of the tibia. The included angle between the anatomic axis of the femur and the extension of the anatomic axis of the tibia quantified knee alignment. The included angle between the mechanical axis of the femur and the extension of the mechanical axis of the tibia quantified limb alignment. 3, 5 Negative angles indicate varus and positive angles indicate valgus in both cases.
The distal aspect of the femur was cut at 5˚and 7˚valgus to the femoral anatomic axis and the proximal aspect of the tibia was cut perpendicular to the tibial anatomic axis (Fig. 1) . A femoral component with an 8-mm thickness of the distal and posterior regions of the femoral condyles and a tibial component with 8-mm thick medial and lateral condyles were used for the simulation. The minimum thickness of the bone resection from the distal region of a femoral condyle was 6 mm, which equaled the 8-mm thickness of the corresponding region of the femoral component condyle after accounting for a mean articular cartilage thickness of 2 mm. 22 The minimum thickness was from the condyle which created the smaller gap once resected. The thickness of the distal resection of the contralateral femoral condyle, which created the larger gap once resected, was measured. The slope of the tibial resection was set parallel to the slope of the lateral tibial plateau. The minimum thickness of the bone resection of a tibial condyle was 8 mm at the center of a compartment, which equaled the 10-mm thickness of the tibial component after accounting for a mean articular cartilage thickness of 2 mm. 22 The thickness of the resection of the other tibial condyle was measured. 
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Internal-external rotation of the femoral component was set either perpendicular to the anteroposterior axis of the trochlear groove (Whiteside line), 7 parallel to the transepicondylar axis, 23 externally rotated 3˚with respect to the posterior condylar axis, 10 or parallel to the tibial resection after creating a rectangular gap in 0˚flexion. In the gap balancing technique (i.e., latter case), the knee was flexed from 0˚-90˚flexion while maintaining the same lengthening within a compartment as that required to create a rectangular gap at 0˚flexion; the posterior regions of the femoral condyles were then resected parallel to the tibia. The minimum thickness of the bone resection from the posterior region of the femoral condyle was 6 mm, which equaled the 8-mm thickness of the condyle of the femoral component after accounting for a mean articular cartilage thickness of 2 mm. 22 The thickness of the resection of the posterior region of the other femoral condyle was measured.
Four dependent variables were computed as described below. At 0˚of flexion, the imbalance between the compartments was calculated as: Gap imbalance ¼ magnitude of (Fig. 2) . The changes in limb and knee alignments from native were calculated. A gap imbalance !2 mm and a change in alignment !2˚were considered clinically important and undesirable because surgeons exchange tibial liners that differ by increments of 1 and 2 mm in thickness to fine tune stability and alignment and because patients might perceive changes of this magnitude as unnatural and express dissatisfaction. 12, 13, 24, 25 High reproducibility for these dependent variables has been reported with intraclass correlation coefficients ranging from 0.71-0.98 among the calculations made by different observers. 12 
Statistical Analysis
Descriptive statistics including mean, range, and standard deviation were computed for each of the dependent variables with JMP software (version 10.0.2 for Macintosh; SPSS Inc., Chicago, IL). A 95% confidence interval was placed on the frequency of occurrence of gap imbalance !2 mm and change in limb and knee alignments !2˚. McNemar's test compared the differences in frequency of occurrence between each of the dependent variables for 5v ersus 7˚valgus.
RESULTS
Of the TKAs with the knee set in 5˚and 7˚valgus, the frequency of occurrence of a gap imbalance !2 mm between compartments at 0˚flexion was 59% and 49% respectively, (Fig. 5 ) but was not different statistically (p ¼ 0.49).
Of the TKAs with the knee set in 5˚and 7˚valgus, the frequency of occurrence of gap imbalance !2 mm within the medial compartment between 0˚and 90˚of flexion was 53% and 53% (p ¼ 0.84), respectively, of the simulated TKAs with the femoral component aligned perpendicular to the anteroposterior axis of the trochlear groove (range, 2-7 mm); 59% and 69% (p ¼ 0.40), respectively, of the simulated TKAs with the femoral component aligned parallel to the transepicondylar axis (range, 2-7 mm); and 61% and 43% (p ¼ 0.10), respectively, of the simulated TKAs with the femoral component externally rotated 3˚with respect to the posterior condylar axis (range, 2-3 mm) (Fig. 6) . Of the simulated TKAs with the knee set in 5å nd 7˚valgus, none had a !2 mm gap imbalance in the lateral compartment between 0˚and 90˚of flexion. Gap imbalance in the medial and lateral Cutting the femur in 5˚valgus to the anatomic axis of the femur and the tibia perpendicular to the anatomic axis of the tibia creates a trapezoidal gap (i.e., gap imbalance between compartments at 0˚flexion). (C) Because the medial gap is smaller than the lateral gap by a difference of 6 mm, a 6 mm medial-lateral gap imbalance is created. (D) To create a rectangular (i.e., balanced) gap between compartments at 0˚flexion, a 6 mm release of medial soft tissue structures generally would be required because the combined thickness of the distal aspect of the femur and proximal aspect of the tibia in the medial compartment is 6 mm less than the combined thickness in the lateral compartment.
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GU ET AL. compartments between 0˚and 90˚of flexion did not occur with the gap-balancing technique.
Of the simulated TKAs with the knee set in 5˚and 7˚valgus, the frequency of occurrence of changes in limb or knee alignment !2˚from native was 51% and 47% (p ¼ 0.80), respectively (Fig 7) .
DISCUSSION
A previous simulation of mechanically aligned TKA set the limb at a 0˚mechanical axis with four methods for setting the rotation of the femoral component at 90˚of flexion and showed undesirable and frequent gap imbalances and changes in limb and knee alignments from native. 12 Building on this previous simulation, the purpose of the present study was to calculate the frequency of occurrence and amount of gap imbalance between the medial and lateral compartments at 0˚flexion and within a compartment between 0˚and 90˚flexion and changes in alignments of the limb and knee from native after simulating a TKA with the knee set in 5˚or 7˚valgus on a native lower extremity and using four methods for setting the internal and external rotation of the femoral component in 90˚of flexion. The posterior joint line of the femoral component was set: (Method 1) perpendicular to the anteroposterior axis of the trochlear groove 7 ; (Method 2) 
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2035 parallel to the transepicondylar axis 8, 9 ; (Method 3) 3e xternally rotated to the posterior condylar axis 10 ; and (Method 4) parallel to the tibial resection with the joint distracted after balancing to create a rectangular extension gap at 0˚of flexion. 11 The most important findings were that a simulated TKA with the knee set in 5˚or 7˚valgus with four methods for setting the rotation of the femoral component at 90˚of flexion resulted in a high frequency of occurrence and a wide range of undesirable gap imbalances !2 mm between compartments at 0˚of flexion, a high frequency of occurrence and wide range of undesirable gap imbalances !2 mm within the medial compartment between 0˚and 90˚of flexion for three of the four methods for setting the rotation of the femoral component at 90f exion, and a high frequency of occurrence and wide range of undesirable changes !2˚in limb and knee alignment from native.
Two potential limitations should be discussed before interpreting the findings of our study. First, the thicknesses of the condyles of the femoral component must be known to determine the gap imbalance within a compartment between 0˚and 90˚of flexion (Fig. 2) . In our study, we simulated a femoral component with equal thickness in both the distal and posterior regions which is representative of some but not all commercially available femoral components. However the results of the gap imbalance calculations would not be affected if the thicknesses of the condyles of the distal and posterior regions of the femoral component differed as long as the minimum resection thicknesses were equal to those of the distal and posterior regions of the femoral component.
Second, the gap imbalance within a compartment between 0˚and 90˚of flexion was calculated with the assumption that releasing soft tissue structures to create a rectangular gap at 0˚flexion would increase the length of the soft tissue structures and hence the gap in that compartment by the same amount at both 0˚and 90˚flexion. Controlling the length of release is a complex subject because of the several and varied types of soft tissue structures involved on both the medial and lateral sides of the joint. [16] [17] [18] [19] Restricting attention to the collateral ligaments, different techniques have been reported for releasing these structures including sharp dissection of either all or part of a ligament particularly different regions of the MCL 16 and the needle technique. 20 Using sharp dissection to release all of the MCL 26 or the needle technique for more controlled release of the MCL, 20 the length increase is within 1 mm at 0˚and 90˚flexion, thus supporting our assumption for the MCL that the length increase is equal at both 0˚and 90˚flexion. Likewise using sharp dissection to release the LCL, 27 the length increase is within 1 mm at 0å nd 90˚flexion also supporting our assumption for the LCL that the length increase is equal at both 0å nd 90˚flexion. While our assumption is supported for the collateral ligaments using the techniques in the references cited above, the use of other techniques and/or the release of other structures could result in different length increases at 0˚and 90f exion.
One important finding was that a TKA with the knee set in 5˚or 7˚valgus frequently creates undesirable gap imbalances !2 mm in either the medial or lateral compartment at 0˚flexion (Fig. 5) . Because there is little varus-valgus laxity at 0˚flexion 28 and because the collateral ligaments are stiff, 29, 30 if left uncorrected, then a gap imbalance !2 mm would lead to a tight collateral ligament in extension. A tight collateral ligament in extension is associated with difficulty in gaining extension and increased tibial contact forces. 31 To avoid these undesirable outcomes, a soft tissue release would be required to create a rectangular gap and the magnitude of the release could vary widely (Fig. 5) . Our results indicate that 49-59% of native knees would require release of the medial soft tissue structures (e.g., medial collateral ligament) by 2-7 mm or the lateral soft tissue structures (e.g., lateral collateral ligament) by 2-5 mm. Therefore, these ranges of release would need to be performed when treating arthritic knees even with mild deformity to establish a rectangular gap at 0f exion. However obtaining a rectangular gap clinically at 0˚flexion is difficult and is not always achieved even with meticulous attention to technique. 32 The second important finding was the frequent undesirable gap imbalances !2 mm within the medial compartment between 0˚and 90˚flexion and the wide range in the magnitude of this imbalance (Fig. 6 ). If left uncorrected, then the gap imbalance within the medial compartment could manifest as valgus instability (i.e., valgus laxity greater than that of the native knee). However the instability is difficult to correct surgically.
The gap imbalance within a compartment between 0˚and 90˚flexion was restricted to the medial Figure 7 . Histograms showing the frequency of occurrence in percent of simulated TKAs with changes in limb and knee alignments !2˚from native with the knee set in 5˚or 7˚valgus. Of the TKAs with the knee set in 5˚valgus, the change in limb and knee alignments ranged from À5˚(i.e., in the varus direction) to 8˚(in the valgus direction), with a mean change of 0˚AE 2.9˚. Of the TKAs with the knee set in 7˚valgus, the change in limb and knee alignments ranged from À3˚(i.e., in the varus direction) to 10˚(in the valgus direction), with a mean change of 2˚AE 2.9˚.
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GU ET AL. compartment because the use of the anteroposterior axis of the trochlear groove (Whiteside line), the transepicondylar axis, or a line externally rotated 3˚with respect to the posterior condylar line excessively externally rotated the femoral component with respect to the 5˚and 7˚valgus cut of the distal femur. 12, 33 The gap-balancing method prevented this type of imbalance because the two posterior femoral resections equaled the thickness of the two distal femoral resections. However, one disadvantage of the gap-balancing method is that the soft tissue restraints are over tightened at 45˚and 90˚of flexion relative to the native laxities. This occurs because the goal of gap-balancing is to create uniform tension in the periarticular soft-tissue restraints and equal laxities throughout the arc of flexion but laxities are generally greater in flexion than extension. 28 Over tightened soft tissue restraints may be perceived by patients as pain, stiffness, and/or limited flexion.
The final finding was the frequent change in the alignments of the limb and knee from native with a TKA with the knee set in 5˚or 7˚valgus and the wide range of these changes (Fig. 7) . It is generally believed that a TKA with the knee set in 5˚or 7˚valgus also sets the limb in an acceptable hip-knee-ankle angle that ranges from À3˚varus to 3˚valgus. 1 In contrast, the present study showed that 26% and 12% of the native limbs with the knee set in 5˚or 7˚valgus were changed to a hip-knee-ankle angle of less than À3v arus (up to À5˚) or more than 3˚valgus (up to 10˚), which is contrary to current opinion. Although the frequency of occurrence of gap imbalances !2 mm and changes in limb and knee alignments !2˚differed when the knee was set in 5˚valgus versus 7˚valgus, McNemar's test revealed no statistically significant differences in any of the dependent variables measured between the two alignment methods (Table 1) . This possibly occurred because the differences were small. Regardless, the most important findings of this study are that setting the knee in 5å nd 7˚valgus caused undesirable gap imbalances !2 mm and undesirable changes in limb and knee alignments !2˚in a large percentage of subjects for both alignment methods (Table 1) .
A comparison of the results herein to those of the previous simulation which set the limb at a 0˚mechani-cal axis and the same four methods of setting the internal-external rotation of the femoral component at 90˚flexion were used shows that all three methods for establishing a neutral hip-knee-ankle angle give comparable results (Table 1) . Hence regardless of the method used to establish a neutral hip-knee-ankle angle, undesirable gap imbalances !2 mm and undesirable changes in limb alignment !2˚from native occur frequently in these simulations of TKA.
The results of our simulation are consistent with clinical practice of TKA in which soft tissue release is performed routinely to establish rectangular gaps in extension and flexion. For example, soft tissue release was performed in 70% of patients when the knee was set in the range of 5˚-8˚valgus, 34 in 76% of patients with varus knees when the knee was set in 5v algus, 16 in at least 50% of patients depending on the deformity (i.e., varus or valgus) using the gapbalancing method, 32 and in the majority of patients using the gap-balancing method. 35 These percentages are in general agreement with those of Table 1 . Indeed one of the important contributions of our study is that 
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our simulation provides a biomechanical explanation behind the need for soft tissue release in clinical practice of TKA using methods aimed at establishing neutral alignment at 0˚flexion in the coronal plane. In our experience, prevention is the best method for avoiding gap imbalances between compartments at 0˚flexion, gap imbalances within a compartment between 0˚and 90˚flexion, and changes in limb and knee alignments from native. Prevention can be achieved by kinematic alignment instead of the knee set in 5˚or 7˚valgus. Kinematically aligned TKA minimizes the risk of these undesirable changes because it creates distal and posterior femoral resections equal in thickness to the respective regions on the femoral component condyle after compensating for wear and kerf. 36, 37 Achieving this alignment amounts to restoring the worn articular surfaces of the femur to native. A similar restoration approach is followed for the tibia. By restoring worn articular surfaces of the tibiofemoral joint to native, the alignments of the limb and joint lines are restored to native, and gaps are closely balanced so that soft tissue releases generally are not required. Restoring the native alignments of the limb and joint lines leads to more physiological periarticular soft tissue strains during loaded as well as unloaded motor tasks. 38 This may explain why kinematically aligned TKA results in high patient-reported satisfaction, function, and flexion. 22, 24, 25, 37 In summary, a TKA with the knee set in 5˚or 7v algus frequently creates (1) undesirable gap imbalances !2 mm between compartments at 0˚flexion that often require soft tissue release which can be difficult to satisfactorily control, (2) undesirable gap imbalances !2 mm and associated instability particularly within the medial compartment between 0˚and 90f exion which are complex and difficult to correct surgically, and (3) undesirable changes in limb and knee alignments from native that are unnatural in a high percentage of knees. Setting the knee in 5˚or 7v algus results in a hip-knee-ankle angle outside of 0˚AE 3˚in a noteworthy percentage of knees.
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